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SYNTHESIS  OF  A  PLANE  IMPEDANCE  ANTENNA  OP  FINITE  LENGTH 


V.  V.  chebyshev. 


A  oat  bod  is  examined  for  synthesis  of  an  antenna  in  the  fora  of 
an  impedance  band  in  an  unbounded  conducting  screen,  excited  by  a 
filament  of  magnetic  current.  An  expression  is  obtained  which  joins 
tha  radiation  pattern  of  a  very  random  type;  this  pattern  is 
described  using  odd  Hathieu’s  functions,  with  a  distribution  of  the 
surface  reactance  in  the  limits  of  the  band. 


INTRODUCTION. 

A  large  number  of  works  have  been  dedicated  to  tne  problem  cf 
synthesis  of  antennas.  At  the  present  time  a  rather  full  examination 
has  been  made  of  the  problems  cf  calculation  of  the  current  of  an 
antenna  with  respect  to  a  given  radiation  pattern.  However, 


problems 
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of  its  modeling  using  certain  structural  elements  have  cot  bee* 
sufficiently  studied,  of  kncwn  interest  in  this  regard  is  the  study 
of  impedance  antennas  for  which  the  calculation  of  the  surface 
impedance,  characterizing  the  field  distribution  in  the  antenna 
aperture,  may  ba  connected  with  the  calculation  of  its  structural 
elements. 

For  modeling  the  surface  impedance  it  is  possible  to  use  a  layer 
of  dielectric  on  a  metal  base  cz  a  ribbed  structure;  in  actual 
practice  the  use  of  the  latter  is  preferable.  Such  a  method  of 
,  construction  is  permissible  under  the  condition  of  pure  reactivity  of 
the  impedance. 

This  significantly  limits  the  class  of  radiation  patterns 
reproducible  by  an  antenna  with  a  purely  reactive  surface  impedance. 
The  selection  of  this  class  cf  functions,  approximating  a  given 
radiation  pattern  during  synthesis,  is  a  very  difficult  problem  the 
solution  of  which  is  known  ccly  fcr  patterns  of  a  specific  special 
type  [1],  [2].  The  purpose  of  this  work  is  to  develop  a  method  of 
synthesis  of  plane  impedance  art^nnas  cf  finite  length  for  more 
random  radiation  patterns. 


DERIVATION  OF  THE  BASIC  RELATIONSHIP 
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For  the  case  of  excitati.cn  of  a  Ti-wave  let  us  determine  the 
theoretical  model  of  an  impedance  antenna  it  the  fcrm  of  an  impedance 
band  -a^y<a  (Fig.  1)  in  an  unbounded  conducting  screen.  The  impedance 
band  is  excited  by  an  outside  source  in  the  fora  of  a  filament  of 
magnetic  current  V'.  Such  a  model  makes  it  possible  to  exaaine  the 
formation  of  ar.  antenna  radiation  pattern  in  the  plane  of  angle  6 
depending  on  the  one-dimensional  distribution  of  impedance  in  the 
limits  of  the  band. 


Fig.  1. 


In  work  [2]  an  expression  was  obtained  which  connects  the 
antenna  radiation  pattern  with  the  distribution  of  surface  impedance: 


(1) 


q(y)-~ 


j  F  (x)  e_,,»  dv.  —  2  j  chy*«  e~u  {*~*)  <<  * 

—mm 

f  d,-2j  d. 


* 


■»;Vrh.  A 
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where  we  accept  the  following  designations 
x-cosO;  y—  V  x*— >1;  q(y)=*  —  i  ;  4  »  l/Z;  f(x)  -  function  of  the  patten; 
z=kzt;  f*kj4;  ytzt  -  coordinates  of  Pig.  1;  *  =  y*  20  -  coordinates 
of  the  current  filament. 

As  is  known,  the  case  of  pure  reactive  impedance  is  of  greatest 
practical  interest.  The  derivation  of  the  condition  of  pure  reactive 
impedance  from  (1)  is  connected  with  certain  limitations  imposed  on 
the  function  of  the  radiation  pattern  and  tha  position  of  the  outside 
source,  which  in  the  general  fora  is  not  possible.  Therafore  we  shall 
limit  ourselves  to  the  case  of  assigning  the  outside  source  on  the 
impedance  surface  z=0.  Then  from  (1)  ,  usiag  the  definition  of  a 
6-function,  it  is  possible  to  obtain 


whera  6(y-y„)  -  delta  function,  standardized  relative  to  the 
denominator  of  the  fraction  in  (2). 


I 


The  affect  of  an  outside  source  on  the  distribution  of  surface 
impedance  is  expressed  by  a  characteristic  in  the  fora  of  a 
delta-function.  The  other  tori  in  (2)  is  deterained  by  expressions 
for  the  density  distribution  of  the  electrical  and  nagnetic  currents 
on  the  impedence  surface  which  dc  net  depend  on  the  position  of  the 
outside  source.  Therefore,  if  we  assume  the  existence  of  the 
indicated  characteristic  in  the  distribution  of  the  surface  iapedance 
then  the  examined  problem  is  reduced  to  a  uniform  problem.  In 
practice  this  designates  the  placement  of  the  outside  source  in  the 
area  with  sufficiently  large  values  of  the  surface  impedance. 
Therefore  during  derivation  cf  the  condition  of  pure  reactivity  cf 
the  impedance  it  is  possible  tc  limit  ourselves  to  the  examination  of 
the  first  term  in  (2). 

For  the  selected  theoretical  model  of  the  antenna  the  function 
of  the  radiation  pattern  accerdirg  to  the  conditions  of  the 
Hiener-Paley  theorem  must  belong  to  the  class  Wj,  [3]  where  h=Ka  -  is 
the  size  of  the  band.  In  this  case  the  distribution  function  of  the 
magnetic  current  ^(y)  described  by  the  numerator  of  the  fraction  (2) 
is  finite  in  the  limits  of  the  land.  During  synthesis  of  an  impedance 
antenna  fro*  class  \  one  should  select  functions  for  which  the 
condition  of  pure  reactivity  cf  impedance  is  satisfied. 

Por  the  numerator  of  fraction  (2)  ,  by  performing  an  inverse 
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Poariar  transformation  and  by  moving  to  the  elliptical  system  cf 
coordinates  it  is  possible  tc  cttain  an  integral  Fredholm  equation  of 
the  first  type  with  a  symmetrical  nucleus,  the  solution  of  which  may 
be  expressed  using  eigenf uncticns  of  the  nucleus  *  odd  Hathieu's 
functions  [  4  ], 

Let  us  represent  the  radiation  pattern  in  the  fcrm  of  an 
expansion  with  respect  to  Mathieu's  functions: 


(3,  F(B)  -  V  i" bm Som (fr,  cosO). 

m 

where  -  actual  coefficients, 

Som  -  odd  Nathieu’s  functions  according  to  the  terminology  of 
[6]  which  are  represented  by  trigoncmetric  expansions: 

•So**,  (ft.  cos  0)  =  V  Jm  sin  2 n  0 

(4) 

*?»,+!  {k'  C0S  0>  “  ^  R7n+l.  5m+ 1  «"  t2n  +  ')" 
h—0 

Than  it  is  possible  to  obtain  an  expression  for  the  syaphase 


distribution  of  magnetic  current  on  the  impedance  band: 


lilt] 


E 


9  1  m  ,m2.2 m 


' ~w~  S°2-+1  ylh)  • 


Let  us  deteraine  the  distribution  of  electrical  current  which 
can  be  calculated  with  the  substitution  of  the  function  of  the 
pattern  (3)  into  the  integral  expression  of  the  denominator  of  the 
fraction  (2)  . 


For  this  let  us  examine  the  indicated  expression  with  a  change 
of  3C  in  the  section  [-1,  1]  which  corresponds  to  tha  change  of  angle 
9[0,*].  Let  us  note  that  in  the  expansion  (3)  rtathieu's  functions  of 
an  even  order  2m  are  odd  functions  relative  to  the  angle  9=0. 5v,  and 
of  an  odd  order  (2m«-1)  -  even.  Therefore,  for  example,  for  an  even 
function  of  the  pattern  (9)  we  have 


f  H  n" 

J  Y  2*  2Jt  ' 


^7m+l  — 


S°2m+I  (*•  co3il)cos(ycosil)rf  i) 


It  is  known  that 


cos  (y  cos  9)  =  ;,(y)x2V(-l )»  Ju  {y)  cos  2„  0. 
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where  (y)  -  is  a  Bassel  function. 

Using  the  latter  relationship  and  the  representation  of 
Hathieu's  functions  (4),  calculation  of  expression  (6)  nay  be  reduced 
to  calculation  of  tabular  integrals  of  combinations  of  trigonometric 
functions  which  ,  as  follows  from  the  relationship  in  [5],  are  egual 
to  zero.  This  conclusion  is  valid  also  for  the  case  of  an  odd 
function  of  the  pattern.  Consequently  the  distribution  of  the 
electrical  current  on  the  impedance  plane  is  determined  by  the 
integral  expression  of  the  deicminatcr  of  the  fraction  (2)  with 
values  X  >  1 . 

The  range  of  values  X  >1  corresponds  to  the  range  of  imaginary 
angles  9= i«  for  X-  =ch«,  where  a>C. 


Then 


Sopn  (A  ■  Ch  |i)  sin  (y  Ch  ;*)  ti  n 
Sh ;» 


+ 


(7) 


4_  i  \7  I _ iy»/,  Ch  i») cns  (y  Ch ji)  d ft 

K  2w+l  J  Sh  i 


where  Chy,  Shp  -  hyperbolic  functions. 


IL 
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The  convergence  of  series  (7)  follows  fro#  the  uniform  or 
root-mean- square  convergence  of  series  (3)  to  the  assigned  function 
of  the  pattern  for  [0,  »]. 

fiathieu's  functions  are  tabulated  for  values  of  angles  0[  0,  w  ]. 
In  th9  range  of  imaginary  angles,  i.e.  for  X  >1,  fiathieu's  functions 
may  be  calculated  from  the  relationships  in  [6]: 

*-<*•  CM-  ^ 

h  B'1"  Hrf 

(fl) 

<*.  ch ,)  -  —  V  oJ<t+l.  lM+1  jim+l  (h  si, ,.) 

1, Sot-fl 

where  "  Bessel  function,  B:„  .....  B  2m-f  I  -  coefficients  of 

expansions  of  (4) . 

Serias  (8)  converge  rather  well  and  permit  limitation  of  the 
number  of  tar  ms. 

During  calculation  of  integral  expressions  in  (7)  talcing  into 
account  (8)  it  is  necessary  tc  use  methods  of  numerical  integration. 
If  the  value  of  the  upper  limit  does  not  exceed  4,  then  for  Simpson's 
method  the  error  of  calculations  is  less  than  10®/o  for  h= 10  and  will 
be  less,  the  greater  the  value  cf  h. 
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The  distributions  of  the  magnetic  (5)  and  electric  (7)  currents 
have  a  synphase  character  and  satisfy  the  condition  of  pure 
reactivity  for  surface  impedance.  Let  us  substitute  (5)  and  (7)  in 
(2)  and  obtain  * 


ir+'fc,*  — 


o) 


</({/)  ~  |  2n 


2m 


Sovn(h,  y/h)  x 


(«/)  +  '•'jm+l  (y) 


(9) 


-*x  V\-n" 


*Jm+l 


2 So, 


5f«+ 1 


(It.  0) 


liB, 


l.  lm+l 


(it  •  y/it) 


Expression  (9)  makes  it  possible  to  determine  the  distribution 
of  surface  impedance  in  the  limits  of  a  band  with  a  size  of  2h  fcr 
the  function  of  pattern  (3). 

Let  us  nota  that  the  radiation  pattern  of  the  examined  type  has 
an  even  amplitude  and  an  odd  phase  characteristic,  i.e.,  it  is 
symmetrical  relive  to  the  origin  Fig.  1.  Therefore,  during 
assignmant  of  the  radiation  pattern  in  (3)  it  is  possible  to  limit 
oneself  to  Sathieu's  functions  of  9ven  or  odd  orders. 

Lat  us  determine  the  position  of  the  filament  of  magnetic 
current  on  the  impedance  hand.  Its  effect  cn  the  distribution  of  the 
surface  impedance  is  expressed  ly  a  characteristic  in  the  form  of  a 
delta  function  in  (2)  which  was  previously  excluded  from  examination. 
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On  the  strength  of  the  first  boundary  problem  of  electrodynamics  the 
emission  of  the  impedance  antenna  nay  be  considered  as  the  emission 
of  a  magnetic  current  which  is  finite  in  the  limits  of  the  band.  For 
the  radiation  pattern  (3)  described  by  Mathieu*s  functions  of  even 
and  odd  orders  the  iapendance  antenna  has  a  phase  center.  In  this 
case  the  distribution  of  magnetic  current  in  the  band  must  be 
symmetrical  [3]  and  the  filament  of  the  magnetic  current  should  be 
located  in  the  middle  cf  the  band. 

ASSIGNMENT  OF  THE  RADIATION  PATTERN 

During  synthesis  of  an  impedance  antenna  the  function  of  the 
radiation  pattern  may  be  assigned  by  a  set  of  Bathieu*s  harmonics  of 
even  or  odd  orders  in  (3)  according  to  the  method  of  partial  patterns 
which  is  fcncwn  from  the  thecry  cf  synthesis  of  linear  antennas. 

Pig.  2  shows  the  tnacretical  and  experimental  radiation  patterns 
of  symmetrical  form 

F (9)  =  — [So,  (h,  cos  0)  -+-  So»  (A,  cos  0)) 
sin  o 


for  the  band  h=10.  The  distribution  of  the  surface  impedance, 
calculated  according  to  formula  (9),  is  given  in  Fig.  3.  The  surface 
impedance  is  modeled  by  a  ribbed  structure  with  a  period  of  0.05  A 
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placed  in  a  screen  10\  with  A=10cm.  The  outside  source  has  the  fora 
of  a  narrow  radiating  slot  which  is  placed  in  the  Biddle  of  the  band 
between  two  channels  of  the  ribbed  structure  with  a  depth  of  0.2  3X 
(area  of  the  source.  Fig.  3)  . 


Fig.  2. 


Fig.  3 


KEY:  1.  area  of  the  source 


DOC  =  1107 


PAG l  13 


Fig.  4. 

Prom  Fig.  2  it  is  evident  that  the  coincidence  of  the 
theoretical  and  experimental  radiation  patterns  is  rather  good.  The 
examined  method  may  also  be  used  for  tha  case  of  an  asymmetric 
radiation  pattern.  This  case  is  connected  with  the  selection  of  the 
position  of  the  outside  source  which  is  displaced  relative  to  the 
middle  of  the  impedance  band  in  the  following  manner.  The  conclusion 
that  for  a  symmetrical  radiation  pattern  the  outside  source  should  be 
located  in  the  middle  of  the  hard  can  be  examined  as  a  consequence  of 
the  condition  cf  pure  reactivity  which  is  satisfied  for  the  surface 
impedance  in  (9)  with  a  certain  selection  cf  coefficients  in  the- 
expansion  with  respect  to  Mathieu's  functions  (3).  Tha  latter  are 
eigenfunctions  of  the  problex  cf  excitation  of  the  impedance  band  in 


DOC  =  1107  FAGE  1<4 

an  elliptical  system  of  coordinates) . 

Let  us  suppose  that  the  outside  source  is  displaced  relative  to 
the  aiddle  of  the  band  and  represent  the  half-space,  limited  by  plane 
z=0,  in  the  fora  of  two  quadrants  for  angles  Q^t<0.5r  and  O.S^e^w  in 
elliptiral  coordinates  Pig.  h. 

Let  us  assign  the  radiation  pattern  in  the  indicated  quadrants 
by  expansions  of  the  type  (3)  for  parameters  ht  and  h2,  corresponding 
to  dimensions  of  the  half- bands  at  and  a2  Pig.  4,  where  ai+a2-2a,  and 
let  us  examine  the  conditions  tc  which  these  expansions  must 
correspond. 

The  function  of  the  pattern  belongs  to  class  ,  i.  e.  ,  it  is  an 
analytical  function.  Let  us  consider  the  functions  describing  the 
radiation  pattern  in  various  gaadrants  by  analytical  continuation  one 
after  another,  and  "join"  them  cn  the  boundary  of  quadrants  oy  the 
condition 


Fx  (0)  =  F.  (0) 
(10>  F\  (0)  =  F'2  (0) 


where  Px  (0) ,  P 2(0)  -  functions  describing  the  radiation  pattern  in 
various  quadrants. 
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Condition  (10)  will  be  all  the  mora  valid  for  determination  of 
the  analytical  continuation  cf  the  function  of  the  pattern,  the 
closer  tha  values  of  the  higher  derivatives  of  functions  F|(0)  and 
P2  (0)  are  to  zero  with  0=0. 5».  Therefore  condition  (10)  may  be 
recommended  for  Sathieu's  functions  of  an  odd  order  (2m*1)  in  (3) 
with  not  too  large  values  of  the  latter.  Calculation  of  the 
distribution  of  the  surface  impedance  is  carried  out  for  each 
selected  half- band  on  both  sides  of  the  exciting  source  in  analogy 
with  (9)  . 

The  method  of  partial  patterns  is  distinguished  oy  graphicness. 
Howevar,  for  highly  diroctod  patterns  it  is  connected  with  a  large 
volume  of  calculations.  Therefore  the  method  suggested  in  [7]  for 
assigning  a  pattern  may  turn  cut  to  be  mora  convenient.  The  radiation 
pattern  F(0)  assigned  in  the  section  0[9,  2r]  by  a  function  of  class 
L2  *  is  represented  by  a  Fourier  series  which  then,  cn  the  basis  of 
expansion  of  Mathisu’s  functicns  (4),  is  expressed  by  the  series  (3). 


[POOTNOTE:  *Quadratic  integrands  belong  to  class  L2.  END  FOOTNOTE] 
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Por  example,  for  an  even  function  of  the  pattern  the  coefficients  of 
this  series  have  the  form 

(11)  ^Jm+I  :  ®2(1+I.  2m+\  fl2«+l' 

rt*  ( 

where  o^+i  -  f  F(0)sin0sin(2n  +  1  )<></(>; 


fltm+i.jw+i  -  coefficients  of  expansion  (4); 

,W5m+i  -  norm  of  Hathieu’s  functicns  cf  an  cdd  order  [6]. 

Siailarly  fcr  an  odd  function  cf  a  pattern  the  coefficients  of 
the  series  are  determined  using  Bathieu's  functions  of  an  even  order. 
Series  (11)  converges.  Actually,  the  coefficients  2»»+l  .and 

«2k+i  are  coefficients  of  the  Fourier  expansion  of  the  Batbieu 
function  and  of  the  radiation  pattern  with  respect  to  trigononerric 
functions  which  fora  a  coaplete  system  in  class  L2.  Therefore  foraula 
(11)  may  be  considered  as  an  analog  of  the  generalized  formula  of 
Parseval  for  the  product  cf  t»c  functions  cf  class  L2. 

Proa  the  latter,  talcing  into  account  the  limitedness  of  the  norn 
of  functions  in  this  class,  convergence  of  series  (11)  also  follows. 
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Continuous  functions  can  also  he  assigned  to  class  L2.  This  makes  it 
possible  to  assign  a  radiation  pattern  F(e)  by  a  continuous  function, 
which  is  convenient  in  practice. 

Let  us  examine  the  case  cf  assignment  of  a  radiation  pattern  in 
the  section  e[  0,  r  ],  which  determines  the  range  of  emission  of  the 
antenna.  Let  us  represent  the  radiation  pattern  of  a  randoa  type  by 
the  sum  of  even  and  odd  functicrs  relative  to  the  angle  0=0.  5»,  which 
can  always  be  done.  It  is  known  from  [8]  that  for  any  function, 
continuous  on  section  [0,  *],  there  exists  a  trigonometric  polynomial 
of  the  best  approximation  of  the  type 


j12)  />(0)  —  V  C„COSK0. 

MmmO 

For  even  values  2k  in  (12)  the  function  P(0)  is  even,  for  odd  values 
(2k+1)  -  odd. 

Determining  the  polynomial  (12)  for  the  assigned  radiation 
pattern  according  to  the  methcd  cf  [8]  from  relationship  (11)  it  is 
possible  to  determine  the  coefficients  of  expansion  of  the  latter 
with  respect  tc  aatfcieu's  harmonics  in  (3) .  The  examined  method  cf 
assignment  of  the  pattern  may  turn  cut  to  be  useful  when  using 
digital  computers  for  calculations. 
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Limitation  of  the  nutber  cf  terms  of  the  series  (3)  leads  to  an 
approximate  reproduction  cf  the 'assigned  pattern  which  may  be 
evaluated  as  in  [  7  ].  Depending  cn  the  number  of  terms  in  (3),  the 
width  of  the  radiation  pattern,  and  the  value  of  the  impedance  band 
it  is  possible  to  obtain  ultradiiectioml  solutions  which  are 
exprassed  in  the  abruptly  oscillating  character  of  distribution  cf 
the  surface  impedance  cf  an  unacdeled  ribbed  structure.  Therefore 
during  synthesis  of  an  impedance  antenna  a  series  of  calculations 
should  be  made  for  various  values  h,  for  th9  purpose  of  selecting  a 
suitable  version. 

CONCLUSIONS 

The  suggested  method  of  synthesis  of  a  plane  impedance  antenna 
of  finite  length  permits  assigment  of  symmetrical  radiation  patterns 
in  coordinates  Pig.  1.  This  expands  the  possibilities  of  using 
impedance  antennas  when  designing  antenna  systems. 

The  condition  of  pure  reactivity  of  tha  surface  impedance  is 
expressed  in  a  certain  selection  of  coefficients  in  the  expansion  of 
the  pattern  according  to  odd  Hathieu's  functions  (3)  and  in  the 
selection  of  the  position  of  the  outsida  source  -  of  the  filament  of 
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Magnetic  current  on  the  impedance  band,  with  a  symmetrical  radiation 
pattern  the  filament  of  magnetic  current  is  located  in  the  aiddle  of 
the  iapedance  band.  In  the  case  of  an  asymmetrical  radiation  pattern 
the  position  of  the  filanent  depends  on  the  selection  of  functions  of 
the  pattern  in  two  quadrants  cf  the  half-space  in  the  franeworJc  cf 
condition  (10)  which  imposes  known  limitations  on  the  type  of  the 
modeled  pattern. 

Among  the  shortcomings  cf  the  examined  method  are  the  numerical 
determination  of  integral  expressions  in  the  denominator  of  the 
fraction  (2)  which  determines  the  surface  impedance.  This  difficulty 
can  be  avoided  when  making  up  standard  tables  for  a  corresponding  set 
of  (lathiau's  functions  descriticg  radiaticn  patterns  (3)  with  various 
dimensions  of  the  impedance  band.  Existing  tables  of  Hathieu's 
functions  make  it  possible  tc  design  impedance  antennas  with  a  band 
2a<3X  which  limits  the  use  cf  antennas  of  this  type  as  highly 
directional  antennas.  Therefore  the  necessity  snould  be  recognized  of 
making  up  tables  of  Mathieu’s  functions  fer  large  bands. 
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EMISSION  OF  AN  ELEMENTARY  SLCT  VIBRATOR  LOCATED  IN  THE  CENTER  CF  AN 
IDEALLY  CONDUCTING  DISK 

Yu.  V.  Pimancv,  L.  G.  Braude. 


On  the  basis  of  the  soluticn  of  a  strict  integral  equation  we 
obtained  asymptotic  expressions  for  the  field  arising  in  the  far  zone 
during  excitation  cf  an  ideallj  conducting  disk  by  an  elementary  slot 
vibrator  (magnetic  dipole)  located  in  the  center  of  the  disk.  During 
solution  it  was  assumed  that  the  radius  of  the  disk  is  ouch  greater 
than  the  wavelength. 


INTRODUCTION 

The  emission  cf  an  elementary  slot  vibrator,  located  in  the 
center  of  an  infinitely  thin  ideally  conducting  round  disk,  was 
examined  by  M.  G.  Belkina  in  work  [1].  A  solution  was  obtained  on  the 
basis  of  the  Fourier  method  ir,  the  form  of  saries  with  respect  tc 
spheroidal  functions.  As  is  krcwn,  such  series  in  the  case  of  a  disk, 
which  is  large  in  comparison  with  the  wavelength,  converge  extremely 
slowly  and  the  solution  becomes  practically  unsuitable  for  numerical 
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calculations.  Therefore  it  is  cf  interest  to  obtain  an  asymptotic 
solution  for  the  case  ka>>1  where  k=2»/\  -  wave  number;  X  - 
wavelength;  a  -  radius  of  the  disk. 

&  slot  cut  in  one  side  of  the  disk  is  equivalent  to  an 
elementary  magnetic  vibrator  lying  in  the  disk,  on  the  strength  cf 
the  principle  of  duality  [2]  it  is  possible,  instead  of  the  problem 
of  excitation  of  a  disk  by  an  elementary  magnetic  vibrator  located  in 
the  center  of  the  disk,  tc  solve  the  problem  of  excitation  of  an 
ideally  conducting  plane  with  a  rcund  opening  by  an  elementary 
electrical  vibrator  located  in  the  center  cf  the  opening,  and  then 
according  to  known  formulas  cf  the  transition,  to  find  the  solution 
of  the  initial  problem,  with  ka>>1  the  second  (auxiliary)  problem  is 
solved  considerably  more  simply. 


STATEMENT  OF  THE  PBOBLEM 

Let  us  examine  the  auxiliary  problem  cf  excitation  of  an  ideally 
conducting  plane  with  a  rcund  opening  of  radius  a  by  an  elemantary 
electrical  vibrator  with  moment  "jT,  located  in  the  center  cf  the 
ope  cing. 

Lat  us  introduca  a  Cartasian  coordinate  system  x,  y,  z,  the 
origin  of  which  coincides  with  the  center  of  the  opening,  axis  z  is 
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perpendicular  to  the  plane  of  the  screen  and  the  direction  of  axis  x 
coincides  with  the  direction  cf  the  moment  of  the  vibrator  (p=x0P)* 
Let  us  also  introduce  a  cylindrical  system  of  coordinates  r,  z, 
axis  z  of  which  coincides  with  axis  z  of  the  Cartesian  coordinate 
system  (Fig.  1). 


Fig.  1. 


The  intensity  of  the  primary  electrical  field  created  by  the 
elementary  electrical  vibrator 


(D 


f. 


H’n  r  i/* 


where 
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£„  *  h(r,  z) cosip;  E'lf  -  ft(r,  *)sin<p;  £If  =  /,(r,  *)cos<p; 

e-'*«  r  r  3i  3  1  z 

'*  (/■.  *)  -=  —  M  £-  -*T  [  —  (k/?)«  J  ‘ R  < 

M  -  r* -!■«*. 

4ns 

and  £  -  dielectric  constant  cf  the  medium.  The  dependence  on  time  is 
taken  in  the  fora  e***  . 

Under  the  effect  of  the  field  (1)  on  a  plane  with  a  round 
opening  currents  are  induced  with  a  density 

(2)  T(r,  <p)  - \i, (r.  ?)  f-  <k ; (r,  f )  *J.  (r,  q>)  +  yj,  [r,  q>), 

The  vector  potential  corresponding  to  these  currents 


(3) 


r)d  7, 


where 


L  =  Vri+  p*  f  2rp  cos(*  —  <p>. 
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and  m  •  Magnetic  permeability  cf  the  medium.  G.  A.  Grinberg  showed 
(see  [3]  or  [4]),  that  in  the  case  of  ideally  conducting  infinitely 
thin  screens  'the  vector  potential  A  in  points  of  the  screen  nay  be 
found  independently  of  the  function  j(r,  *).  This  aaJces  it  possible, 
applying  relationship  (3)  tc  points  of  the  screen,  to  reduce  the 
problem  to  the  solution  of  an  integral  equation  cf  the  first  type. 
For  determination  of  the  function  A  on  the  screen,  i.e. ,  with  r>a, 
z=0,  we  proceed  in  the  following  manner. 


The  intensity  of  the  secondary  electrical  field  Et  is  connected 
with  the  vector  potential  A  by  the  relationship 

(4) 

E,  ~  —  grad  V  —  i«/t, 

T  -  —  div  A. 

where 


On  the  surface  of  the  screen  the  following  boundary  conditions 
must  be  satisfied: 


(5) 

E„  -  —  itpn  r  >  a.  z-  0; 
£|,  —  Etf  npw  r  >  a,  z  -  =  0. 

(6) 


which,  taking  (4)  into  account,  can  be  rewritten  in  the  form 
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(7) 

(8) 


~  !-  \<*A,  =  F.u  npH  r  >  a.  2=0; 

I  „ 

npii  r  a,  2  =  0, 


vhera  AP  and  A^  -  respectively  are  the  radial  and  azimuthal 
components  of  vector  *A. 

Since  Elr  =Jr{r,  z) cos<p,  and  E]9  =/2(r,  2)sin<p,  then,  according  to  the 
results  of  work  [3],  the  scalar  potential*^  on  the  surface  of  the 
screen  may  be  represented  in  the  form 

(9)  »y  ijj (r)  cos <p  npH  r  >  a,  2  -0. 


vheraby  the  function  ^ (r)  must  satisfy  the  condition  of  emission  and 
the  differential  equation 


(10) 


dr» 


r  dr 


I  .  , 

<k  j— o’ 


■  a. 


Solving  (10)  using  the  method  of  variation  of  random  constants 


and  taking  into  account  the  condition  of  emission,  we  obtain 


1 


I 

(- 
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(11) 

where 


♦  (')  =  BH^{kt) 


li  t 

<  I 


r 


—  Wf  ( KT )  j  F  (0  //','»  {Kt)  c//j.  r  a. 


.-*»  f,  3i  3  1 

,<  "T5?r 

HtU)  and  HjU)  -  Hankel  functions  cf  the  first  order,  first  and  second 
types  respectively,  and  B  -  a  certain  constant  which  aust  be 
determined  subsequently  from  the  condition  cf  reduction  of  the  radial 
component  of  current  density  tc  zero  on  the  edge  of  the  opening: 


(12) 


Thus,  function  t(r),,  and  consequently,  also  function  z) 

with  r^a;  z=0  are  determined  with  an  accuracy  up  to  constant  B. 
Expressing  coaponents  Ap  and  from  (7)  and  (8)  and  moving  then  to 
the  Cartesian  coaponents  cf  vector  A,  we  ofctain 


(13) 


A  -  VI,  -i-  Mr 


where 


(14) 


At  —  Atj*  (r)  -f-  cos  2<p  npn  r  >.  a\  z  —  0 

Ay~  A™  (r)  sin  2«p  iipn  r  a,  z  0 
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A?{0  —  /.  (r.  0)f-i-t  +  /,(r.  0) 

(15) 

At*  (r>  -  A?  (r)  ==  ~  -  /,  (r.  0)  -  —  *  —  /,  (r,  0)] 


Applying  (3)  to  points  cf  the  screen  (r^a,  z=0)  and  taking  into 
account  (13)  we  arrive  at  two  independent  integral  equations  of  the 
first  type: 


(16) 


•  *+*»  _ 

d*>(r,  0)+i4<*(r.  0)c«ap-^  jprfp  J  -—-/'.(P.  *)d»: 


(17) 


Af(r,  0)  sin  2q>  - 


i)d*. 


•  here  q  _  yr*  _f_  p»_  2rpcos(«  —  q>> . 

Proa  the  fern  of  the  left  farts  of  equations  (16),  (17)  it 

follows  that  the  functions  j%  (p,  a)  and  (p,  a)  nay  be  sought  in  the 
form 


(18) 


i*  =  iT  (p)  +  /®  (p)  cos  2» 
iy  /'J*  (p)  sin  2a 
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in  which  cas*  /'*  (P  ~  fi  p) • 

Substituting  (18)  into  (16)  and  sowing  in  the  internal  interval 
to  a  new  variable  of  integraticn  0  according  to  the  formula  0=a-#  we 
arrive  at  two  independent  integral  equations  of  the  first  type  for 
functions  j jfj>)(p)  and  ' 

(19)  A™(r,  01  =  ^-|/7»(p)pdp[-^— eosvpd^;  0;  »  -  0;  2. 


w,ier9  0-  K'f'  +  p*  — 2rpco50“ 

The  left  parts  of  equations  (19)  are  known  with  an  accuracy  up 
to  constant  B,  which  must  be  determined  after  finding  the  functions 
j^(p)  and  #<«•  For  calculatitg  constant  B  we  use  the  condition  (12) 
which,  after  transition  tc  functions  jW(p)  and  #(P)  acquires  the 

%  Jt 

form 


(20)  j** («)  4-  j'»(a)  -  0. 

Thus,  the  problem  of  excitation  of  an  ideally  conducting  plane 
with  a  round  opening  by  an  elementary  electrical  vibrator  located  in 
the  center  of  the  opening  is  reduced  to  the  solution  of  two 
independent  integral  equations  cf  the  first  type  (19)  with  a 
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suppleneatary  condition  (20) . 


DET BRUIN ATION  OF  CURRENTS 


Equations  (19)  are  strict  integral  equations  of  the  problem. 

They  are  valid  with  any  values  of  the  paraneter  ka«  He  are  interested 


in  the  solution  of  these  equations 
parts  of  equations  (19),  deterained 
considerably.  Since  ka»1,  and  r^a, 
left  parts  of  equations  (19)  nay  be 
their  asymptotic  expansions: 

(21)  ll^dcr)  ss  — jJL-e”'"  e  *K 

v  V  nur 


iith  ka»1.  In  this  case  the  left 
by  formulas  (15)  are  simplified 
the  Hankel  functions  entering  the 
replaced  by  the  first  terns  of 


Disregarding,  in  addition,  terms  of  the  order  1/kr  in  comparison  with 
unity,  we  obtain 


to  p  B 


1'  * 


,-krr 


\r 


Vr 


—  \kO 


(22)  j  >iv>  <P)  P d  P  |  -  cos  r  >  a\  0;  2. 


where 
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B'  B2  |2ne-4  £-  A  -!1  -here  v  ”  °* 
P> ’  v  '  |0  »  =  2. 


The  internal  integral  in  the  right  part  of  (22)  eay  be 
transformed  using  the  asymptotic  equality  proved  in  [5]: 

f^co*vpdp---^r{/lp(«|r-pD  + 

J  O  V  r  n 

(23)  0 

h  i  (-  1  f-H?  [*  (r  +  p)j|  4-  0  ((*a)“3/*J,  v  =  0;  2. 


Substituting  (23)  into  (22)  and  introducing  the  dimensionless 


variables  €,tj  ,  mad  y,  which  ace  connected  with  p,  r,  and  k  by 
relationships  f>  =  a(l  + $),  <»(!  -(-»,),  y  -  *«.  (*) 

cd«  obV*'«\ 


where 


J  «  (?)  «0  (Y !  V -  5 1)  d  6  i  |  (?)  «0  lY  to  +  S  +  2)1  d  |  = 

6  6 

i-  trx- 

-Ce  Y^-e-'^~dv//«)[Yto+>)I, 


(26)  «(v’(j)  ~  /ItV> [a ( 1  +  1)1  V\  +  $.  '  -=  0;  2, 

iwKYP 

and  c=— i  V~a  e  “"S'  -  a  certain  constant  which  will  subsequently  be 
determined  from  condition  (20). 


Using  the  equalities  proved  by  G.  A.  Grinberg  [6] 


(•  IV  U+Ki)  i/d  ,,  _ 

\  — - — ,«<«?,(Yi’I -?|»d  ?  =  //?*  (Y  to  +/?.)!. 

*K5<5+*.) 


I 
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(28) 


r  V_ y  «_ 

J  l^2nl 


—  l  • 


K2«| 


—  c 


-its 


^(Yh-EMS  =  e' 


IY., 


we  transform  equations  (25)  into  integral  equations  of  the  second 
type: 


(29) 


uw(|) 


IY  il+7)  -i  u(v)  /jt  •— IY/ 


“-"irrT'  '*+< 


(<)  e~lY<  Vt  +  2  dt 

4-2 


+  C-^r 


,-(Y»  ,-IYU-H> 

ft  * 


«K£(6+  i) 


»  —  0;  2. 


f- 


Sicca  according  to  the  supposition  that  y=lca>>1,  the  solution  of 
equations  (29)  may  ba  found  fcy  the  mathod  of  successive 
approximations,  however,  it  is  acre  convenient  to  use  an  artificial 
method. 


Functions  uly)(D  are  proportional  t~,  components  /<v,[a(l -f?)]  of 
current  density  induced  in  tte  screen.  With  an  increase  in  variable  <* 
functions  u<v,(|)  decrease  in  absolute  value  and  approach  zero  with 

Therefore  with  y>>1  the  basic  contribution  to  the  value  cf  the 
integral,  entering  into  (29),  is  made  by  the  vicinity  of  the  point 
5  =  0.  Constgu.-ntly ,  tha  following  approximate  --.quality  occurs: 
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,  ,  ./S'  „-iV«+?)  ,-fV* 

^<V>  (£)  =  —  j  -1—  -- - by  +  d— -- 

n  )  I  (6  +  2)  Me 

~b»  M£  +  l )  *  °;  2' 


where 


(31)  U$'  -  j  u,v'  (|)  e-‘ "  d  l,  v  ,  0;  2. 

0 

It  nay  be  strictly  shown  that  the  srror  of  equation  (30)  does 
not  exceed  °(y~3,i). 

For  deter nination  of  constants  L/<0V|  we  multiply  both  parts  cf 
(30)  by  and  integrate  with  respect  to  €  from  zero  to  infinity. 

As  a  rasult  we  arrive  at  two  (forv=0  and  TP  =2)  independent  algebraic 
equations,  solving  which,  we  obtain 


I  +ie,IYll— ®(Ki4Y» 


-  0;  2. 


where 


*  4 


<b(l  ia/)  -  |  p  ds- 


Constant  C  remains  tc  be  determined.  Using  condition  (20)  which 
following  transition  to  functions  H,v’  (£)  acquires  the  form 
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(34) 


u(4>  (0)  +  «<2)  (0)  -  0. 


we  obtain 


(35) 


1  +ie,?vll  -<D()  MV)I-  -y'j  I'  -(bO^Y)! 

--I2V  -ir/4 

1  +  i  ei2V  l,  _  (D(/f4V)|  -  i  - C_  — 

2  )  aY 


Expression  (35)  is  considerably  simplified  if  the  function 

<l>(v is  replced  by  its  asymptotic  distribution.  In  this  case  the 

simple  relationship  C  =  -  - e~'v -f  0 ( *»ill  be  satisfied. 

2  »  ..  •  •  •* 

Thus,  functions  (l)  are  completely  determined  and 
consequently  the  distribution  cf  currents  induced  cr.  the  screen  is 
known. 


DETERMINATION  OF  THE  FIELD 

Let  us  move  to  determination  of  the  field  arising  during 
excitation  of  an  ideally  conducting  plane  with  a  rcund  opening  by  an 
elementary  electrical  vibrator  located  in  the  center  of  z h <.  opening. 


The  vector  potential  of  currents  induced  on  the  server  is 
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expressed  by  formula  (3)  and  has  two  components  Ax  and  ,  in  which 


A,  -  AT  ( r ,  z)  A™  ( r ,  z)  cos  2'p 
( 3  6)  Ay  ■  A™  (r,  z)  sin  2rp;  Af  -  A™  ' 

On  the  screen  (r^a,  z=0)  functions  dj*  (r,  z)  coincide  with  the 
functions  >\{T  (r).  introduced  earlier,  and  in  a  random  point  cf 
space  are  determined  by  the  expression 


*  -~IkL 

AT  -  £  j  iT(P)(*dP  j’-1—  cos  ^ dp.  V  =  0;  2. 


Formula  (37)  is  not  convenient  for  numerical  calculations.  Let 
us  find  its  asymptotic  distribution.  In  this  case  we  shall  consider 
two  ranges:  the  first  -  adjacent  to  axis  z,  the  second  -  the 
remaining  part  of  space. 


Pirst  let  us  examine  the  second  range.  Let  us  introduce  the 
spherical  system  of  coordinates  B,  d,  *,  the  polar  axis  of  wh-ch 
coincides  with  axis  z  of  the  cylindrical  system  of  coordinates  (Fig. 


Formula  (37)  in  this  system  of  coordinates  acquires  the  form 
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2* 


(38) 


where 


i  o  1  m  i  p  |  y 


J"';,(=)l  1  \-ldl_ 


1-  .«,/*  * _ 


In  |  2na  J  " '  '  "  ~.)  r. 

0  o  “ 


.  •;  cos  jlrfp,  ---■  0;  2, 


L9  -  Ljci  -  t  r*  -{  ( l  f  g)»  -  2rfl  (1  +  l)  sin  0  cos  p]l/?  . 
r«  -Rla. 

Since  in  the  examined  range  the  inequality  ysind>>l  is 
satisfied,  then  the  internal  integral  in  (38)  may  be  converted 
according  to  the  formula  (see  [7]) 


I  —  jT-  cos/pdp 


-  \H{?  (Y  b)  + 


(39)  ^  V  M*  +  4)  *h>0 

+  i  (-  i  )v  (Y  (I))  !-0  |(y  sin  0)~3/2|.  v  =,  0;  2. 

where  ^  —  f  ro+  +  ?)s—  2r#(I  +  £)sin  0]W2 , 

d-  =  [ro+(l  +  i)s  +  2r,,(l  +I)sin8],/J. 


Substituting  into  (38)  the  values  of  functions  n,v>  (£)  from  (30) 
and  applying  formula  (39)  we  cttain 


/1<v'  --=  - 


i  p  him  p  \  y 


I  Qov>  |Q,  (2.  r„,  0)  -!- 


(40) 


■I  |  'll  sin  •  n  I  ra 

-HQ  (2.  r„,  0  -,t)|  i  r  IQ-  (r„.  0)  h  i  Q,(r#1  « n)| 
-i'VQ.O-  »-,«)  I-  iP,  (l.  r„  0-|-a||. 


where 
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(41)  r0,  0)  --•=  —  f  e-'yJL*lVJL  H^(yb)dl: 

n -J  ^6  <5+o) 

(42)  Qt  (o.r„.  0)  -  1  f  H ?  (y  b)  d 

*  j  Vl 

The  integral  Qxfv,  r0,  0)  was  examined  in  detail  in  [7],  In  the 
far  zone  (with  r0->«)  the  following  asymptotic  equation  is  valid: 


(43) 


Qi  («,  rt,  0)  - 


V2  e  4 

Kay 


e_it  »ta*  j  j  _ 

j 


-  4>  (  V i  yo  (l  -  sin  0))|  +  0  (r,-*'*). 


The  integral  Qz  (r  0,  0)  is  calculated  in  [8]  and  is  equal  to: 


(44) 


Qt<r„  0)  =  /-  e 
y  »v 


4e-.vv.-„,M{1  _  <!>  ( ^  j  77-(-r—  silToj-)  J. 


In  the  far  zone  (with  r0->«)  expression  (44)  acquires  the  fern 


(45) 


Qt(r:  0)  = 


j/2  e-lVr,  eiV$lnD 


nY  V7t  V  1  — sin  «l 


i  -o(r~n 


Using  relationships  (43)  and  (45)  and  moving  from  components  A^°} 
and  A^2^  in  the  Cartssian  coordinate  systam  to  components  A^  and  A#  in 
the  sphtrical  system  of  coordinates  wr.  obtain: 
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(46) 


am  p  Wr# 

^  =  4«a-7— •V°>sir,‘p; 


(47) 


(itu  p  IVr, 

=  —  s.  (»»)«». 


where 


(48) 


(49) 


S  («)  -  -y—  lUtf  -  UTl  Fi  (0)  +  F,(0)|; 

5,  (0)  «  ^  j  [UP  +  UP]  t\  (0)  -  Ft  (0;  + 

re 

, ^  -u~  / j _ \i . 

|  ity  \  l'/"l  -- sin  0  V  H-  sin  S"  /) 

Ft  (0)  =  c“,Vl‘"'  1 1  -  «I>  ( V  f2f0^sin0))  ]  + 

-f-  j e'Vs,,,0£ |  —0(fs  j  2y(l  t  sinO))]; 

F,{ 0)=^  i(l  —  <t»U/iv(l  —  sin 0|  ))  — [1  —  <D()/  iy(l  )-  sinO))). 


The  intensity  of  the  secondary  «irc*rical  field  Ej  in  the  far 
zone  is  connected  with  the  vector  potential  A  by  the  relationship 
^>1=-iwA.  Consequently,  the  ccipcnents  of  the  intensity  vector  of  the 
total  electrical  field  E=E1*E1°  ir.  the  far  zone  in  the  ranje  jrsir.t?»1 
are  equal  respectively  to: 


(50) 


IVr, 


1  (0)  —  j  ]; 


(51) 


En  - 


e'V,  iVP^(S|(()).Hj 


4n  u3 1 


Let  us  nova  to  calculation  of  the  field  in  the  area  adjacent  to 
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axis  2,  in  which  case  we  shall  limit  ourselves  to  the  examination  of 
tha  far  zone. 

Assuming  in  (38)  that  L0»r0- (1  ♦€)  si  n8cos3,  and  changing  the 
order  of  integration  we  obtain 


(52) 


,4(v»  — 


i-  _  u 

ie  *  <i»|i  p  y  y  e- iVf. 

4n  |  2 n  a 


n 

-IVr,  /• 

-  G<v>  (p)  pIVsln,co,<* 


'•.cosvpdp,  v  =  0;  2, 


where 


(53)  G<v’  (P)  -  j  u M  (l)  )  1  5  eww,-M*  d  l,  v  =  0;  2. 

6 

Intagral  (53)  may  be  calculated  asymptotically.  Substituting 
into  (53)  the  values  of  functions  h<v|  (l)  from  (30)  and  disregarding 
terms  of  the  order  0  |(v(l  —  sin0)p,1/#j,  we  obtain 


(54) 


Cr  (P)  — 


I  2ny 


-I  - 

T7=l  . 4— «-  K'"  +  0  |(v(l  —  sin 9))  -V2J 

|  1  —  sin  I  cos  p 


where 


(55) 


/<«°)  ^  _  j  uT  e-iJT  l  2  C  —  ]  2e~,v 
K(2)  ----  —  i  (/J?  e_l2V  4-  l  iC 


DOC 


1 107 


PAGE  4C 


Expanding  ( 1-sir.0cos0)~  V2  into  a  series  with  respect  to  degrees 
sinocosp  end  limiting  ourselves  to  the  first  three  terns  of  the 
expansion,  following  tern-by-tern  integration  in  fornula  (52),  we 
arrive  at  the  following  expression: 


(56) 


A™  =  i<^p  e~,Vft  v<vi 


•Inn 


KWP"( 0),  v  0;  2, 


where 

0 


» 


( 57)  T**  («#  -  (Y sin  0)  -1  sin 02,  (Y sin  0)  + 

+  -36  sins  (0)  (2,  (y  sin  0)  —  2,  (y  Sjn  0)J; 

7 ,21  (0)  -  —  y.  (y  Sin  0)  -{.  -I  sin  0  (2,  (y  sin  0)  — 

(58)  —  2,  (y  sin  0)|  +  JL  sjn* 0  jyf  (y  Sin  0)  —  22, (y  sin  0)  +  2, (y  sin  0)|. 


Here  -  Bessel  function  of  the  first  type  cf  ordssr  n.  Moving 
to  components  and  A#  in  the  sphcricnl  system  of  coordinates  we 
obt  ain 


(59) 


i  t»  p  i  yr* 

1ST  V^(0,sin<P; 


(60) 


i  m<*  p  ,-iVf. 

^3=-snr”K'(0)co8,p’ 
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v  hers 

(61)  1^(0)  =  Kmr,,,(0)-/CmT<0>(0); 


(62) 


\\  (0)  =  [Km  P2'  (0)  +  t*  (0)1  cos  0. 


Consequently,  the  components  of  the  intensity  vector  of  the 
total  elactrical  field  in  the  far  zone  in  tha  range  r(1-sin9)>>1  are 
equal  to: 


(63) 


e— iTr,  y*  p  sin  <p 
7~t  4«a»s 


1^(0)-']; 


(64) 


^-^2rorll'.<o>+|l 


Thus,  the  supplementary  problem  of  excitation  of  an  ideally 
conducting  surface  with  a  rcund  cpenir.g  by  an  elementary  electrical 
vibrator  located  in  the  center  of  the  opening  is  completely  solved. 
Let  us  move  on  tc  analysir  cf  the  initial  problem. 


EXCITAT10K  OF  A  DISK  BY  AN  ELEMENTARY  MAGNETIC  VIBRATOR 


The  31's.ctrc magnetic  field  created  by  an  elementary  magnetic 
vibrator  (by  a  slot  on  one  side)  located  in  the  center  of  an  ideally 
conducting  dish,  may  ba  found  with  the  aid  cf  the  principle  of 


a. 
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duality  [2]  using  the  obtained  solution.  In  this  case  in  the  far  zone 
in  the  range  7sin0»1  the  intersicy  of  the  total  electrical  field  E* 
is  detarained  by  the  following  expressions: 

a)  in  the  upper  half  space  |z>0) : 


(65) 

e;  =  //; 

«/  :« _ c-,Vr* 

‘  '» 

i  7’*  m  sin  ip 
4nn* : 

,  /  _ 

i  y*  m  sin  «p 

(66) 

£f  ■«  //;  i 

1  s  rt 

4na*  : 

-2ij. 

[Sf(0)  +  2i|. 


where  a  -  moment  of  the  vibrator; 


b)  in  the  lower  half  space  (z<0): 


(67) 


iVr,  j  yJ„,  sjn  m 

- - 5  «»» 

r,  hn>-  -t v  ' 


(68) 


i  V*  cos  <T 
1nn*l 


\(0). 


Respectively,  in  the  area  adjacent  to  axis  z  (i.e.,  with 
satisfaction  of  inequality  7  1 1-sin9j  »1)  ,  thfs  field  in  the  far  zcne 
is  d»t?rmin*-d  by  the  formulas: 


a)  in  the  upper  half  space: 


DOC 


1107 


PAGE  <12 


<«»> 


(70'  +  n 


b)  in  the  lo w 3E 


(71) 

^  Kf 

(72) 

£;  - /a 

NUMERICAL 

RESULTS 

half  space: 


e  ~ IV,»  V*  m  sin  rp 

~7»  iWa*  r  (°)> 


y’ m  cns  9 
in  (i*  - 


K("). 


For  comparison  of  the  cttained  asymptotic  expressions  (65)-  (72) 
with  the  results  of  th9  strict  solution  [1]  numerical  calculations 
were  made  for  the  case  when  j=5. 

Pig.  2  shows  the  standardized  radiation  pattern  of  an  elementary 
magnetic  vibrator  located  in  the  center  of  an  ideally  conducting  disk 
on  the  upper  side  of  the  disk  corresponding  to  the  plana  0=90®.  The 
solid  lias  shews  values  cf  the  component,  referred  to  the  maximum 
value  of  the  modulus  js^J,  taker  from  [1]  (strict  solution).  Tho 
dotted  line  shows  analogous  values  calculated  according  tc  formulas 

(d>, 

<6f),  (61),  (71). 

n 
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Fig.  3  shows  tha  standardized  radiation  pattern  in  the  plane 
♦=0°.  The  solid  line  correspcrds  tc  the  strict  solution  and  the 
dotted  line,  to  values  calculated  according  to  formulas  (66),  (68), 
(70),  and  (72). 

Fig.  4  shows  the  standardized  radiation  pattern  of  an  elementary 
magnetic  vibrator  located  in  the  center  of  an  ideally  conducting 
disk,  in  the  plane  0=90°,  calculated  according  to  formulas  (65), 

(67),  (69),  and  (71)  with  y=1C. 

Fig.  5  shows  the  standardized  radiation  pattern  in  the  plane 
*=0°,  calculated  according  tc  formulas  (66),  (68),  (70),  and  (72) 

with  7=10. 


Figures  6  and  7  plot  analogous  patterns  with  7=  15.  As  the 
calculations  show,  formulas  (6  5)- (72)  cover  the  entire  range  of 
change  of  angle  0. 

Tha  obtained  solution  is  mere  precise,  the  larger  the  value 
7=ka.  However,  as  the  numerical  calculations  chow,  it  satisfactorily 
conveys  the  character  of  radiation  patterns  even  with  such  a 
relatively  small  value  of  7  as  7=5. 


The  obtained  solution  is  suitable  only  when  the  magnetic 


f 


DO 

vibrator  liis  in  the  disk,  howevsr,  the  employed  method  makes  it 
possible  to  obtain  a  solution  also  for  the  case  of  a  magnetic 
vibrator  elevated  above  the  disk. 

In  conclusion  the  authors  wish  to  thank  Professor  G.  Z. 
hyzenberg  and  Docsnt  L.  S.  Korol 'kevich  for  discussion  of  this  vcrk 


and  for  valuable  advice 
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